Background. Adherence to guidelines to avoid complications associated with mechanical ventilation is often incomplete. The goal of this study was to assess whether staff training in predefined interventions (bundle) improves the quality of care in mechanically ventilated patients.
Nosocomial infections are a major cause of morbidity and mortality in intensive care patients. Specifically, ventilatorassociated pneumonia (VAP) is known to increase the duration of mechanical ventilation, mortality, and length of stay and also costs of care. 1 It has been estimated that 15% of ventilated patients develop pneumonia. The National Nosocomial Infections Surveillance System (NNIS) reports a median occurrence of VAPs of 4.6 -5.1 per 1000 ventilator days in medical-surgical intensive care units (ICUs). 2 Besides the development of infectious complications, mechanically ventilated patients are also at risk of developing several other complications. Mechanical ventilation with high tidal volumes or high plateau pressures may induce pulmonary injury by volutrauma, barotrauma or both. 3 Other complications include deep vein thrombosis 4 and the development of peptic ulceration. 5 Therefore, low-tidal volume ventilation, stress-ulcer prophylaxis, and deep vein thrombosis prophylaxis are recommended in these patients. The concept of treatment bundles has been successfully used to introduce multiple therapies into clinical practice. A bundle is defined as a selected set of interventions or procedures distilled from evidence-based medicine. 6 This concept is currently used in the care of patients with sepsis; however, there is still limited evidence for this approach in mechanically ventilated patients.
The goal of this study was first to assess to what extent the pre-defined ventilator bundle applied to mechanically ventilated patients in a 50-bed interdisciplinary surgical ICU. Secondly, we wanted to investigate whether training of physicians and nurses in the application of this ventilator bundle improved the quality of care in these patients.
Methods
Patients were recruited between June 2005 and June 2006 in a 50-bed ICU of a tertiary care university hospital. Patients were included if they were mechanically ventilated for more than 24 h and were at least 10 years of age. A day on mechanical ventilation was defined as any 24 h period in which the patient required any mode of controlled or assisted ventilation, with the exception of intermittent application of continuous positive airway pressure for atelectasis prophylaxis. 7 Standard measures of general critical care were applied to all patients, including hand washing before dealing with the patients, daily oral care, and sterile tracheal suction. The ventilation tubing systems remained unchanged. Standard operating procedures were in place for analgosedation, weaning from the ventilator, and antibiotic therapy. Assignment of patients to nursing staff and clinicians was not controlled by the study protocol. The local ethics committee of the University of Jena waived the need for informed consent.
Definition of the ventilator bundle
The ventilator bundle from the Institute of Health Care Improvement (IHI) 8 9 was modified for application in this study. The daily sedation break was removed from the bundle because it has not been studied in surgical ICU patients. 10 It was replaced by lung protective ventilation for patients with acute lung injury (ALI), as a German national survey showed that lung-protective ventilation is poorly applied. 11 Thus, the bundle in this trial consisted of semirecumbent positioning, lung protective ventilation, stress ulcer prophylaxis, and deep vein thrombosis prophylaxis (DVTP).
Correct positioning of the patient was defined as a semirecumbent positioning of at least 308. Lung-protective ventilation was defined as a maximum tidal volume of 6 ml kg 21 of predicted bodyweight ( pbw) and a plateau pressure of ,30 cm H 2 O.
DVTP or stress ulcer prophylaxis was defined as being achieved if the treating physician prescribed the appropriate medication in the medical record and the administration of the medication was signed by the nurse.
Complete bundle adherence was defined as fulfilment of all four elements in patients with ALI and fulfilment of all but the lung-protective ventilation element in patients without ALI.
Study design
The study was performed as a pre-/post-test design and consisted of three phases:
( 
Data acquisition
The Acute Physiology and Chronic Health Evaluation II (APACHE II) score was calculated from data within 24 h of admission. During the daily audits, current tidal volume and plateau pressure were recorded from the ventilator. Maximum tidal volume and maximum plateau pressure were obtained from the Patient Data Management System (COPRA w , Sasbachwalden, Germany). Adherence to lungprotective ventilation was checked in patients with ALI (Pa O 2 /FI O 2 ,39.5 kPa, bilateral pulmonary infiltrates on the chest X-ray in the absence of left atrial hypertension). Angle for semirecumbent positioning was measured manually or, if applicable, by an indicator integrated in the ICU bed. Mean daily backrest elevation was calculated individually for each patient by the sum of measured angles divided by the number of observation. Mean daily plateau pressure and mean daily tidal volume were calculated accordingly. Medication for DVTP and for ulcer prophylaxis was taken from the medical record.
The Clinical Pulmonary Infection Score (CPIS) was calculated daily. 12 Onset of pneumonia was defined as the first CPIS of at least 6 combined with the presence of pulmonary infiltrates in the chest X-ray. 13 VAP was assumed if criteria of pneumonia were fulfilled after 48 h of mechanical ventilation.
Staff training to improve care in the ICU Weaning was defined as the first day where the patient was either extubated without non-invasive ventilation, or, in case of patients with a tracheostomy, able to breath spontaneously without mechanical support. Intermittent mask CPAP for atelectasis prophylaxis did not count as mechanical ventilation.
Statistics
The primary endpoint of the study was adherence to the ventilator bundle. Secondary endpoints were rate of pneumonia, days on mechanical ventilation, ICU survival, and length of stay on the ICU. Patients with VAP were analysed as subgroup. Inferential statistics were calculated by the Mann -Whitney U-test or in case of frequencies with the x 2 -test. Continuous data including mean daily backrest elevation are expressed as median and 25% and also 75% percentiles. A P-value of ,0.05 was considered as statistically significant. A conditional forward stepwise Cox regression analysis was performed to evaluate which parameters independently affect the duration of mechanical ventilation with a P-value of ,0.05. Data were analysed with SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
One hundred and thirty-three patients (1389 patient-days) were included in Audit I and 141 patients (1002 patientdays) in Audit II. Patient characteristics data are given in Table 1 and were not statistically different between the two groups.
Significantly less patients received propofol in Audit II when compared with Audit I (Table 2) . Cumulative dosage of propofol per days on mechanical ventilation was also lower in Audit II. However, this difference did not reach statistical significance. There was no difference in usage of other sedatives.
Application of the ventilator bundle
Application of the ventilator bundle is summarized in Figure 1 . Complete bundle adherence in all patients increased from 15 to 33.8% after staff training (P,0.01). Bundle adherence differed between patients with and without ALI. In patients without ALI, the overall bundle adherence was 22.8% in Audit I and 47% in Audit II (P,0.01) when compared with 9.9 and 18.2% (P,0.01) in patients with ALI.
Semirecumbent position with an angle of at least 308 was achieved on significantly more patient days in Audit Table 3 . Sixty-seven patients in Audit I and 61 patients in Audit II fulfilled criteria of ALI on at least 1 day. In the subgroup of patients with ALI, the median of the mean daily tidal volumes was unaffected by staff training and were above 6 ml kg 21 pbw in both audits. Medians of the mean daily plateau pressures were ,30 cm H 2 O throughout the trial.
DVTP was given significantly more in Audit II (91.9%) than in Audit I (89.5%, P¼0.048). However, contraindications for DVTP were present in 6.4% of patient days during Audit II when compared with 11.7% in Audit I (P,0.01). Ulcer prophylaxis was prescribed in 94.5% of patient days in Audit I and 94.9% patient days in Audit II (P¼0.71).
Outcome
Median duration of mechanical ventilation was significantly shorter in Audit II when compared with Audit I (Table 4) . This was associated with a faster liberation from mechanical ventilation (Fig. 2) . ICU length of stay and overall mortality were not different between the audits. In Audit II, a higher tracheostomy rate was observed than in Audit I (30.9 vs 19.5%, P¼0.037). Duration until onset of VAP was longer after staff training without reaching statistical significance.
Forty-four patients in Audit I and 45 patients in Audit II developed VAP. There was no significant difference in the frequency of VAP between Audit I (33.1%) and Audit II (32.4%, P¼0.68). Median APACHE II scores in patients with VAP were 24 (20; 29) in Audit I and 24 (20; 34) in Audit II (P¼0.49).
A post hoc subgroup analysis on outcome was carried out in patients with VAP (Table 4 ). There was a significant reduction in the duration of mechanical ventilation by 8 days and of ICU length of stay by 9 days from Audit I to Audit II. The associated decrease in mortality rate from 43.2 to 35.6% did not reach statistical significance. 
Results from stepwise regression
In univariate statistics, tracheostomy rates, angle of semirecumbent position, number of patients receiving propofol, days with DVTP, and days where DVTP was contraindicated were different between Audit I and Audit II. These parameters were entered into a stepwise Cox-regression with duration of mechanical ventilation as a dependent variable. The algorithm included all parameters into the final model. The overall P-value of the final model was ,0.01. The angle of semirecumbent positioning was independently associated with days on mechanical ventilation (P¼0.02).
Discussion
The implementation of a ventilator bundle through staff training by an ICU change team led to a more than two-fold increase in overall bundle adherence. Staff training resulted in significantly better compliance in the semirecumbent positioning of mechanically ventilated patients. Additionally, application of DVTP was improved after staff training, although adherence to low tidal ventilation in patients with ALI was only moderate. However, improved compliance of the ventilator bundle was associated with a significant reduction in the duration of mechanical ventilation by 2 days. In a subgroup analysis, adherence to the bundle in patients with VAP was also associated with a significant reduction in days on mechanical ventilation and also on ICU length of stay. This confirms data from a smaller study where application of the IHI ventilator bundle reduced median duration of mechanical ventilation by 1 day.
14 Backrest elevation was hardly implemented before staff training in our study population. An observational study showed that semirecumbent positioning is usually poorly applied in mechanically ventilated patients. 15 In our study, staff training significantly improved adherence to backrest elevation but was far from complete. In a multicentre trial by Van Nieuwenhoven and colleagues, 16 semirecumbent positioning as a single-study intervention could not be completely achieved, despite daily monitoring of the backrest position by research nurses. 16 Staff training had little effect on the adherence to lungprotective mechanical ventilation for patients with ALI in the present study. This problem has been demonstrated in several other studies 11 17 18 despite the trial by the ARDS-Network demonstrating a significant reduction in mortality when low tidal volume ventilation was applied.
In our study, decrease in the duration of mechanical ventilation and application of the ventilator bundle did not alter the frequency of VAP despite an increase in backrest elevation in Audit II. Several reasons may be responsible for this observation:
(1) The effects of semirecumbent positioning on VAP rates are known to be variable and may depend on the applied angle of elevation. A study, which only achieved a backrest elevation of 308 instead of 458, did not lead to a reduction in VAP rates. 16 Another study has defined an angle of 308 as being the cut-off for effective reduction of VAP rates. 15 The trial by Drakulovic and colleagues, 20 which showed an effective reduction in VAP rates, used a backrest elevation of 458; therefore, the lack of effectiveness may have been caused by differences in positioning. However, 458 has been observed to be difficult to implement 16 and the minimal backrest elevation to avoid microaspiration and thus VAP is unknown. ( 2) The diagnosis of VAP is difficult as there are no accurate diagnostic criteria reliably differentiating pneumonia from non-infectious causes of pulmonary infiltration. Thus, a degree of uncertainty in the VAP diagnosis may have negated the smaller effects of the ventilator bundle on outcome. The CPIS score is recommended by the International Sepsis Forum as a standardized approach for diagnosing pneumonia in clinical studies 13 and has been applied in a similar setting. 15 The high VAP rates observed in our study may be a result of the selection of the study population. APACHE II scores of 25 implies a high-risk group of patients while those low-risk patients ventilated for ,24 h were not included. (3) The application of the bundle may still increase pulmonary integrity by reducing microaspiration even if the bundle is implemented incompletely. Although we could not detect differences in VAP rates and are unable to prove this hypothesis, the observation that duration of mechanical ventilation and ICU length of stay decreased after staff training in the subgroup of VAP patients does lend some weight to this theory. (4) We cannot completely rule out that differences in the patient populations in this pre-/post-test design accounted for some differences in outcome. However, disease severity and patient characteristics were similar in the two audits.
There is some limitation in the interpretation of this study. Tracheostomy rates differed significantly between the two audits. ICU procedures to regulate the decision for tracheostomy in mechanically ventilated patients were not changed between the two audits nor were procedures for tracheostomy part of the teaching process. We therefore performed a multivariate analysis to clarify this issue which showed that both semirecumbent positioning and the presence of a tracheostomy independently affected the duration of mechanical ventilation.
In conclusion, the ventilator bundle was not well applied before training. Implementation of a ventilator bundle through staff training by an ICU change team improved compliance to a pre-defined ventilator bundle and reduced days on mechanical ventilation even though the ventilator bundle was not implemented completely. Incompleteness of adherence indicates the fact that higher success rates may only be achieved by a continuous quality improvement process.
